Introduction
Few inventions have revolutionized the laboratory analyst's job as much as the microprocessor. It has been incorporated into nearly all laboratory equipment and instrumentation and the benefits have been widely felt; particularly so in the field of automatic chemistry. The requirements of automatic chemistry are that the instrument must be left to run automatically without operator attention: a task to which microprocessors are ideally suited. Not only can they control the entire analytical system, but, because they can act ,intelligently' with it, they can correct any deviation or errors detected.
Gas chromatography has experienced a leap in performance due to the microprocessor with oven control performance: has reached previously undreamt of levels. Simple electronic integrators were replaced by powerful microprocessor-based data-handling systems, which could simultaneously receive data from more than one source and could control the chromatographs linked into the analytical system. Automatic sampling and injection devices changed from being 'dumb' mechanical machines, which received instructions from punched tape or timers, to sophisticated, dedicated robots capable of flexibility, intelligence and a high degree of accuracy and repeatability.
With all of the instruments and many accessories being microprocessor controlled, it became possible to link them all together, and, by computer data links, to create a very powerful analytical system. Unfortunately, however, these complete analytical systems were very complex and definitely 'user unfriendly'. A system may consist of a main oven unit, a satellite chromatograph, automatic injection system, data handling, disk and graphics capability and be required to output data to an external computer for archiving. Such systems would often have a keyboard on each part of the set-up and could require many hours of work to start up, only to find that the system 'crashed' because one of the units was incorrectly programmed.
Perhaps a more serious problem was that with the emphasis being placed on the electronics side of the package, the chromatography, which is really the heart of the system, was ignored or given second place in the development budget. A simple block diagram of a heart cut system is illustrated in figure 1 . A sample is injected with the system in position 1, but after time tl, the system is switched to position 2. This allows material eluting from column 1, after time tl, to be passed onto the second column, column 2. When the final piece of the 'heart' has eluted at time t2, the system is switched back to position and all material now eluting from column is vented. While the unwanted material is being vented, the 'heart' is continuing chromatography on Figure 1 . Block diagram of a heart cut system. separation properties are different from column 1. The reason that a two column system is used, rather than just column 2, is to achieve an initial separation of the complex mixture. Analysis of the mixture on column A or B results in a complex chromatogram in which the compounds of interest are obscured by co-eluting peaks; but it is unlikely that these peaks will be the same on both columns. In other words, the peak of interest, A, co-elutes from the first column with peak X, but by passing this mixture onto a different stationary phase, it is possible to achieve full resolution of A and X. If the second phase column had been used first, then A now co-elutes with Y and passage onto the other phase also achieves resolution.
That is the basic theory of a heart cutting MDC but how does it fit into the general analytical technique of GC? In the early 1960s, packed column chromatography was rapidly advancing but it reached a stage where the separating power of the column was the limiting factor. It was found that by coupling two columns together it was possible to achieve greatly increased resolution" the number of effective theoretical plates of the total system could be measured in tens of thousands. The system used for the analysis is shown in figure 6 and is a heart cut system. The means of achieving flow switching is based on a Deans system using Valco zero dead volume fittings. The mechanism ofoperation can be explained with reference to figure 6. The system is set up as follows:
(1) SV and TV2 are closed. TV1 is opened and PR1
adjusted to deliver a suitable flow ofcarrier gas through C1 and C2 to the detector, D. Once the system has stabilized, the 'mid point' pressure is noted on PG2.
(2) TV is opened and PR adjusted to give a pressure reading slightly higher than the mid point pressure on PC2 in (1) . Care must be taken that the pressure delivered by PR2 is not so great that the pressure differential across the first column, C 1, is so low that the carrier gas flow rate in C is slow enough for diffusion of the solute peaks to limit the initial separation. The system is now ready for operation" (a) When SV is opened the direction of flow is as shown in figure 7 . This corresponds to POSITION in figure 1. (b) When SV is closed, the direction oftlow is as shown in figure 7 which corresponds to POSITION 2.
All of the Valco zero dead volume fittings are contained in the left-hand oven, i.e. the main instrument oven and by careful design of the path. through the interface oven, it is possible to pass a quartz capillary column through the oven without any additional couplings. In order to minimize dead volume and hence peak broadening, it is essential to reduce the number of unions used in the system.
Identification of components is normally by retention time and this is determined by two factors. One is the accuracy and repeatability of the oven controller and the other is the time at which chromatography starts. Oven repeatability has already been discussed in this article; chromatography normally starts at the point of injection.
However, in MDC, chromatography on the second column does not start at the same time for all components in the 'heart' and this is the purpose of the cold trap (figure 6). figure 2 and figure 8 shows the same sample on a polar FFAP column with the alcohol region marked.
After cutting, the alcohols are easily identified from figure 9. The analysis time is approximately 10 min.
The reason for using a polar column like FFAP as the initial column is to bunch the alcohols together and separate them from hydrocarbons of similar boilingpoint. Consequently, on the medium polarity second column, BP10, where boiling-point is the main separation mechanism, it is easy to separate the alcohols from each other and the few hydrocarbons in the 'heart'.
Conclusion
An MDC system such as heart cut is a very powerful tool for solving complex analytical problems. The period is now 30s to 60s; the third injection cuts from 60s to 90s. As the fractions cut onto the second column, increase in boiling-point, the temperature program advances in order to achieve resolution.
The data resulting from these multiple analyses can be quantified after identification using the PU4900 software or if the identity is unknown then the results table can be output via the RS232C interface to an external computerized retention index library. In this way full identification and quantitation of a complex sample is possible.
